Catecholamines in myocardial ischemia. Systemic and cardiac release.
During myocardial ischemia, malignant arrhythmias and acceleration of cell damage may be induced by sympathetic overstimulation of the heart. This stimulation is due to excessive concentrations of catecholamines within the underperfused myocardium, in combination with enhanced myocyte sensitivity to adrenergic stimuli. Various mechanisms may account for local accumulation of catecholamines in the extracellular space of the ischemic but still viable myocardium. In early myocardial infarction, plasma noradrenaline and adrenaline concentrations are enhanced, reflecting increased activity of the whole sympathetic nervous system, rather than local activity in the heart. In uncomplicated infarction, these concentrations are only five times the normal levels at rest, and there are no convincing data that these mildly increased levels of plasma catecholamines directly induce a major deterioration of myocardial function during the ischemic process. Of more importance is the reflex increase in cardiac sympathetic nerve activity that is induced by pain, anxiety, and a fall in cardiac output or arterial blood pressure and that is accompanied by local exocytotic release of noradrenaline from sympathetic nerve endings of the heart. Excessive accumulation of the neurotransmitter, however, is prevented by at least three mechanisms: 1) Released noradrenaline is rapidly removed so long as neuronal catecholamine reuptake is functional. 2) Adenosine accumulating in the ischemic myocardium effectively suppresses exocytotic noradrenaline release by stimulating presynaptic A1-adenosine receptors. 3) Exocytotic catecholamine release ceases when the sympathetic neurons become depleted of adenosine triphosphate since this release mechanism requires high-energy phosphates. However, with progression of ischemia (i.e., greater than 10 minutes), the myocardium is no longer protected against excess adrenergic stimulation since local metabolic release mechanisms become increasingly important. This release, which is independent of both central sympathetic activation and extracellular calcium, occurs in two steps. First, catecholamines escape from their storage vesicles and accumulate in the cytoplasm of the neuron. In the second, rate-limiting step, noradrenaline is transported across the axolemma from the cytoplasm to the interstitial space via the neuronal uptake carrier in reverse of its normal transport direction. As a consequence of this nonexocytotic local metabolic release, extracellular noradrenaline reaches 100-1,000 times its normal plasma concentrations within 30 minutes of ischemia. Concentrations of this magnitude are capable of producing myocardial necrosis, even in the nonischemic heart, and may play an important role in the pathogenesis of ventricular fibrillation in early ischemia.